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ELECTRO-OPTICAL IMAGE 


PROCESSING 


A system that clarifies blurred photos 


and produces line drawings from halftone photographs 


HE NATIONAL BUREAU OF STANDARDS has 

recently constructed an experimental optico-elec- 
tronic system that will facilitate the study of visual per- 
ception and recognition of patterns and also promises 
to have a number of useful engineering applications. 
The device was developed by H. M. Joseph of the Bu- 
reau’s electronic instrumentation laboratory in consul- 
tation with Dr. L. S. G. Kovasznay, Johns Hopkins Uni- 
versity, who suggested the basic design and has con- 
tinued to act as consultant on the project. This device 
ean clarify blurred images or produce outline pictures 
or line drawings from halftone photographs. Other 
_possible applications include the automatic recognition 
of patterns such as fingerprints or biological specimens. 
The project was conducted as part of the NBS basic 
instrumentation program which is sponsored by the 
Office of Naval Research, the Office of Air Research, 
and the Atomic Energy Commission. 

In the study of visual processes it is necessary to 
have mechanisms available which can manipulate or 
process images in any manner, so that the postulated 
mechanisms of the human brain can be approximated. 
For example, in the study of the recollection of patterns 
such a device should be able to modify a two-dimen- 
“sional pattern in various predetermined ways analogous 
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to assumed or observed processes of actual visual mem- 
ory. To some extent “trick” photographic methods 
can be used for these purposes, but they lack the inher- 
ent rapidity, sensitivity, and flexibility which the 
Bureau’s optico-electronic system provides. 

The system operates on patterns in the form of photo- 
graphic transparencies placed in an optical assembly 
between a cathode-ray tube with a moving spot and a 
photo-multiplier tube. The signals resulting from scan- 
ning the picture are amplified and fed back to the inten- 
sity control of the cathode-ray tube and, thus, produce 
a picture on its screen. 

The negative feedback obtained in this way improves 
the tonal rendition of the picture. The same signals 
are also applied to another amplifier and the resulting 
signal is used to control a monitor cathode-ray tube 
which reproduces the same picture. Altering the mon- 
itor for the image processing is accomplished by intro- 
ducing modifying circuits between the phototube and the 
monitor. This freedom to modify the picture on the 
monitor is the essence of the system. 

Any scanning pattern may be used, but it greatly 
simplifies the electronic circuits if the scanning velocity 
is the same in two orthogonal directions. The NBS 
system achieves this type of scan by applying trian- 
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gular waves to the horizontal deflection of the scanner 
and a slightly different frequency wave of the same 
type to the vertical deflection. The result is a Lissajous 
figure of rectangular shape that changes its proportions 
with the instantaneous phase between the two waves. 
The same waves are applied to the monitor for identical 
scanning. 

This image processing system has so far been em- 
ployed in the study of the enhancement of contours in 
photographs and to the production of outline pictures 
from halftone photographs. The process of contour 
enhancement is essentially that of increasing the abrupt- 
ness of tone transition at contour lines. A similar phe- 
nomenon occurs in the “brightness contrast” in human 
vision. If a dark area is adjacent to a light area, the 
dark appears darker and the light appears lighter close 
to the boundary. For example, the apparent gradation 
of tone across an individual bar in a stepped gray scale 
is an illusion, which can easily be verified by covering 
all but one bar. 

Sharpening of tone transitions for contour enhance- 
ment is accomplished by modifying the waveform of 


Examples of pictures processed by the NBS image-processing system. 
at the left is the picture produced by the video signal from the original transparent negative. 
picture produced by the enhancing signal (the negative of the twice-differentiated video signal). 


Moving spot on cathode-ray 

tube scanner is focused on 
transparency. Light through 
transparency impinges on 
the phototube which converts 

the changes in light intensity 

into electrical signals. These 

video signals are amplified 

and applied to the scanning 

tube intensity grid, thus re- 
ducing the light intensity of 

the spot and producing a 
negative picture on the scan- 

ning tube screen. The same 

video signals are modified and 
displayed on a monitor cath- 
ode-ray tube oscilloscope. 


PHOTO-TUBE 


the signal applied to the monitor oscilloscope. Thi 
is done by electrically adding an enhancing signal (thi 
negative of the second derivative) derived from thi 
original signal. Mathematical analysis of the proces 
indicates that a first approximation to a correcth 
focussed picture is obtained when this process is appliec 
to an incorrectly focussed picture. Used in this way 
the system is a two-dimensional (visual) analogue of ; 
high frequency compensated audio system. ( 

The formation of outline pictures from photographii 
negatives is accomplished by using different modifyin; 
signals. If the signals from a differentiating networl 
are rectified, a positive pulse is obtained as the ligh 
spot passes over a region of sharp tone gradient. Thi 
application of such signals to the intensity control o 
the monitor results in pictures that show only the con 
tour lines, like line drawings. 

This outlining process may be of use in the automatir 
production of sketch maps from terrain photograph; 
or for the display of contours on X-ray pictures. Thi 
latter, for example, may be of interest to the cardi 
ologist who wishes to determine the size of the hear 


In the group of three pictures of the girl 


In the center is th 
The right-han 


photo of this group of three is the improved picture produced by the electrical addition of the video and enhancin; 


signals represented in the previous two photos. 


In the group of two pictures of the boy, the one on the left is pro 
duced by the video signal from the original photo negative. 


The photo on the right is an outline photo produce 


from the same negative by differentiating and rectifying the video signal. 
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from its radiograph. The contrast enhancement may 


be useful in aiding the outlining process. The sugges- 
tion has been made that a system utilizing these proc- 
esses can be the basis of an analogue computer for 
solving some types of non-linear differential equations. 


A further example of the contrast enhancement process. 
The left-hand photo is from an X-ray of the human 
heart. The photo at right, processed by the NBS electro. 
optical system, shows the details of the original photo 
more clearly. 


The convenience and rapidity with which the position 
cf the picture on the tube screen can be manipulated, 
as well as the possibility of scale changes in any direc- 
tion, may permit automatic recognition of patterns by 
autocorrelation techniques. The use of outlining may 
facilitate this process. Among the patterns which might 
be recognized or compared in this way are military 
targets, fingerprints, printed or written matter, patho- 
logical blood cells, or various types of crystals. 

For further technical details, see, Processing of two- 

dimensional patterns by scanning techniques, L. S. G. 


Kovasznay and H. M. Joseph, Science (October 23, 
1953). 


a Electronic Power Switch 


2 
N ELECTRONIC POWER SWITCH, relatively 


transient-free and externally-triggered, has been 
devised by J. Sargent of NBS. The output waveform 
_of this switch has rise and cut-off times of less than one 
“microsecond. Over a frequency range from zero to 
10,000 eps, the “time-on” interval can be varied from 
| one microsecond to the maximum of about 50 microsec- 
_onds less than the repetitive period. 

During a study of spark recorder transformers, it 
ie found that the usual cross-coupled thyratron power 

itches which use two thyrathrons had several disad- 
vantages for this application. They are wasteful of 
power since one thyratron is conducting during the 
' entire “off” period of the switch. Moreover, this type 
of circuit is not sufficiently transient-free for the pulse 
excitation of the transformers in this study. The con- 
ventional circuit has been modified so that the turn-off 
tube is self-extinguishing, and the undesired transient 
has been removed with the addition of a diode between 
the two thyratrons. The new design also provides an 
cutput voltage of rectangular waveform with negligible 
overshoot, leading and trailing edge times of less than 
0.25 microseconds, and a wide duty-cycle range. 

The electronic switch utilizes three tubes—two thyra- 
trons and a diode rectifier. A condenser is connected 
to the plate of the power-delivering thyratron through 
ithe diode, and to the plate of the turn-off thyratron 
‘through an inductance. The other side of the con- 
‘denser is returned to ground. The condenser is nor- 
mally in a charged state when the circuit is in use. 
‘The output voltage appears across the cathode of the 
/power tube. 
| The switch is turned on in the usual way by applying 
a pulse to the grid of the power tube. When the circuit 
is to be turned off, a pulse is applied to the grid of the 
‘turn-off tube, which then begins to conduct and dis- 


{ 
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'Girenit diagram of the relatively transient-free electronic 
\Power switch, devised at the Bureau. 


\) 
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charges the condenser through the inductance. The 
L-C series circuit provides an oscillatory discharge 
whose frequency is determined by the condenser and 
the inductance. The thyratron, however, conducts in 
but one direction and current flows for only one- 
quarter of a cycle, but this is sufficient time to discharge 
the condenser completely. The rapidly decreasing 
voltage of the condenser appears on the plate of the 
power thyratron, thereby cutting off the flow of current 
through the tube and at the same time extinguishing 
the turn-off tube. After the thyratrons have de-ionized 
and the condenser has become recharged, the cycle 
may be repeated. 

An experimental model of this circuit, built at the 
Bureau, is capable of delivering 50 watts into a 200-ohm 
resistive load, at as much as a 95-percent duty factor 
cr as low as desired. Leading and trailing edges of 
the output rectangular waveform are less than 0.25 
microsecond, and there is no appreciable distortion 
from transient voltages when the switch is pulsed on 
or off. 

Flexibility in design of the NBS electronic power 
ewitch is possible using the large variety of thyratrons 
available. The circuit may readily be adapted for a 
wide range of applications. 


REFERENCES: Theory and applications of electron 
tubes by H. J. Reich, McGraw-Hill Book Company, Inc., 
New York, p. 478 (1944). General Electric Review, 
by A. W. Hull, 32, 399 (1929). 
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ECENT advances and developments in the tech- 
niques of orifice metering have created a need for 
more reliable data on the installation and use of this 
type of meter. To meet this need and to evaluate a 
number of uncertainties that have developed, a research 
project has been carried out jointly by the National 
Bureau of Standards, the American Gas Association, 
the American Society of Mechanical Engineers, and the 
Naval Boiler and Turbine Laboratory. Orifice meters 
are employed almost exclusively for the metering of 
natural gas between producing fields, pipelines, ‘and 
distributors, thus measuring millions of dollars worth 
of gas ayear. They are also widely used for metering 
other gases and liquids. 

In 1935 the American Gas Association issued its 
“Gas Measurement Committee Report No. 2” giving 
basic information on the factors to be used and installa- 
tion procedures to be followed in applying orifice 
meters to the metering of fuel gas in pipes from 2 to 14 
inches in diameter. Two years later the American So- 
ciety of Mechanical Engineers issued a fourth edition 
of “Fluid Meters: Their Theory and Application”, a 
report by the Society’s Research Committee on Fluid 
Meters. Almost immediately these reports became 
standard instruction manuals for the metering of both 
gas and liquids throughout this country and even to 
some extent abroad. Many purchase contracts for 
fuel gases stipulate that orifice meters are to be used 
in accordance with AGA Report No. 2. 

Since these reports were issued and especially in 
more recent years, numerous changes and develop- 
ments have occurred in the art of metering fluids and 
gases. Thus, for example, the work on which the 
original Report No. 2 was based employed gate valves; 
today, however, the great majority of meter runs are 
equipped with plug valves of very different port shape. 
There is also a growing tendency to use orifice fittings 
so that an orifice plate can be quickly changed without 


The Bureau cooperated with the American Gas Asso- 
ciation and the American Society of Mechanical Engi- 
neers. A test site was furnished by the Atlantic Seaboard 
Corp. at Rockville (Maryland). Pipe runs were made 
with three sizes of pipeline (2-inch, 4-inch, and 8-inch) 
and different piping arrangements, types of valve, pipe 
surfaces, and orifice fittings. Note the reducing flange 
(right) where a 4-inch test run of pipe is connected to 
the 8-inch incoming main. 
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Large Volume Fluid Metering Test Prograval| 


Studies with large pipes were 
made at Refugio, Texas. 


shut-down. Difficulty in obtaining pipe, particularly 
during World War II, resulted in meter runs being 
made with whatever material was available and with nd 
consideration given to pipe roughness: effects of thi) 
roughness on meter accuracy are not known. Becausi 
of these changes and other developments, new edition), 
of both the AGA and ASME reports are being prepared. 
The Bureau is assisting in the preparation of these nev. 
editions, as it did with earlier reports. 

Participation by NBS in this work began about 19. 
when a chapter on the theory of the Venturi tube, thy 
Pitot tube, and the orifice was prepared for the first edi | 
tion of the ASME report on the theory and application 
of fluid meters. In 1922 the Bureau started a researc] 
program on orifice meters as a result of requests by thi 
U. S. Bureau of Mines and the Indian Agency fo. 
authoritative information on such meters for melon 
natural fuel gases. Then, upon invitation, the Burea 
took an active part in several programs, planned anc 
carried out by committees of AGA, which supplemente 
and extended the scope of the Bureau’s origing| 
program. 

In 1931 the committee of the gas association invite 
the Research Committee on Fluid Meters of ASME t 
join in preparing a basic report on the use of orifice, 
meters. The reports issued in 1935 and 1937 incor’ 
porated the results of this joint activity. Since thy 
Bureau had been represented on the individual commit 
tees of the two associations its representative wa) 
selected as one of this joint group. | 

During the first 10 years following issuance of th. 
latest réports, steady progress was made in the appli. 
cation of the factors and recommendations on instal, 
lation given in these reports. As the use of these re 
ports expanded, many questions arose regarding detail 
of their use and even their applicability and accuracy 


[. 
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i Static and differential pressures in lines comprising ref- 
o: and test meters were measured with manometers 


dead-weight gages. Those for the reference meter 
at extreme right. (Photo courtesy of Tube Turns.) 
Schematic diagram of the time proportional control 
circuit. 


Many of these questions could be answered by the com- 
‘mittees concerned, while a few were placed with a 
slowly growing list of topics to be considered as the 
objectives of possible future work. 

- There was, of course, a continuous development and 
change in the design and methods of manufacturing 
many of the equipment items used in metering fluids 
with orifice meters. This affected the main-line piping 
and values and the various types of indicating and re- 
cording instruments. Then in 1946 there began the 
rapid expansion in transmission and distribution of 
natural fuel gas. This accelerated the rate of develop- 
ment and change in metering equipment. 

To keep pace with the industrial developments and 
requirements a new joint committee was organized late 
in 1948. This committee decided to investigate first 
the effect that the current type of valves and piping con- 
struction methods would have upon the installation 
‘requirements for orifice meters. By the summer of 
(1949 a test site had been prepared near Washington 
where the test work could be supervised by the Bureau 
representative, who was also chairman of the commit- 
tee. The test work here, which was continued through- 
out the summers of 1950 and 1951, covered three sizes 
of pipeline (2-inch, 4-inch, and 8-inch) and several 
types of valves, piping arrangements, pipe surfaces, 
vin orifice plate-holding fixtures. 

/ All of this work was carried out with natural gas at 
the Rockville, Maryland, Natural Gas Metering Station 
through the cooperation of the Virginia Gas Transmis- 
sion Corp. In addition, work was done in other labora- 
tories with steam and water, which for certain phases 
of the program were more convenient test fluids. The 
studies with steam were made at the Naval Boiler and 
Turbine Laboratory, Philadelphia Navy Yard, through 
the cooperation of the Bureau of Ships, Department of 
the Navy, who were especially interested in the effect 
on orifice measurement of globe valves and expansion 
bends. Those with water were made at the Hydraulics 
Laboratory of the National Bureau of Standards, with 
special reference to pipe roughness. Data on these 


fluids will be computed in terms of gas measurement 
for the final report. 
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The program was well under way when the attention 
of the committee was called to the fact that the coeffi- 
cients in the current reports apply to pipes 14 inches 
in diameter and smaller, but that the use of 24-, 30-, 
and 36-inch pipe was increasing and orifice meters 
for these sizes were being installed. Therefore, it was 
asked if the current tables could be extrapolated re- 
liably to apply to these larger pipes. Indirect checks 
had indicated some doubt as to such extrapolation. In 
1951 the joint committee decided to sponsor a test 
program to provide, if possible, an answer to the ques- 
tion of extending the tables to larger pipe sizes. A 
request was made to the American Gas Association 
for funds to start such a program. 

A site for these large pipe tests was selected about 
50 miles northwest of Corpus Christi, Texas, where 
connections could be made to some of the large gas 
lines which gather gas from the great East Texas fields 
for transmission to the industrial northeast. Actual 
test work began in the summer of 1952, and the original 
program has been extended twice. The work so far has 
served to call attention to some inconsistencies in the 
present tables. It may show also the desirability of 
additional basic data and a review of the analytical 
work by which the tables were developed as a basis 
for any new reports. 

The cost of preparing for and conducting tests on 
such a large scale is high. Some single items of equip- 
ment may represent several thousand dollars. On the 
other hand, the commercial importance of measure- 
ments made with orifice meters is large. 800,000,000 
cubic feet of fuel gas per day (24 hours) pass through 
a single 30-inch orifice meter at a single metering 
station between a transmission company and a dis- 
tributing company. Ifa delivery price of 25 cents per 
thousand is assumed, the intercompany daily transac- 
tion amounts to $200,000.00 and the importance of 
even a small avoidable degree of uncertainty in such 
measurements is apparent. 


One series of measurements was conducted with a 4-inch 
test line. Many variations in piping arrangement, type 
of valve, meter fittings, and pipe surface were studied for 
three sizes of pipe (2-inch, 4-inch, and 8-inch). 
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As in previous programs of this type, the cost is being 
borne by the industrial groups most concerned. NBS 
is assisting in the formulation of program plans, in 
ihe analysis of data, and in the preparation of reports. 
Interim research reports have been prepared in order 


engineers and other interested parties. A special c 
mittee is analyzing the results and preparing a fitta: 
report setting forth the conclusions which can be drawn 
from the data. 


to make the data immediately available to specie 


A SHAFT DISPLACEMENT 


I 


(bi 


INDICATOR 


NONCONTACTING distance gage that measures 

the relative position of a high-speed rotating shaft 
has been developed by L. A. Marzetta, of NBS electronic 
instrumentation laboratory at the request of the De- 
partment of Defense. The device employs a mutual 
inductance gage to indicate the longitudinal movement 
of the shaft, such as might be caused by failure or wear 
of a thrust bearing. The equipment is designed to give 
continuous dependable service over a long period of 
time. 

In the field of heavy rotating machinery, such as 
steam turbines and internal combustion engines, it is 
sometimes desirable to monitor the relative position of 
some moving member. In particular, turbines having 
certain types of load are subject to rapid, unpredictable 
thrust bearing wear. Since the rotor and stator of a 
turbine are machined to close tolerances, excess longi- 
tudinal movement of the shaft could cause interference 
of these parts and possibly destroy the machine. The 
NBS shaft position indicator detects and measures 
accurately the shaft displacement in either direction. 
When the displacement exceeds a prescribed limit, the 
indicator actuates an alarm, thereby warning operating 
personnel of imminent machine failure. Since the 
instrument also gives a direct indication of the amount 
of bearing wear, a bearing may now be used for its full 
useful life and need not be replaced unnecessarily soon. 

The detecting element in this system is a mutual in- 
ductance micrometer developed by M. L. Greenough of 
the Bureau. A transducer probe, consisting of two 
coaxial, coplanar coils wound on a dielectric core about 
one-half inch in diameter, is mounted on the turbine 
frame near the shaft. When the primary coil is ener- 
gized from a regulated r-f source, a voltage is induced 
in the secondary coil. On the end of the turbine shaft 
is fastened a brass disk which forms part of the elec- 
trical system. Motion of the disk toward or away from 
the probe changes the mutual inductance between the 
two windings. Thus, the output voltage from the sec- 
ondary is dependent on the spacing between the probe 
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Shaft displacement indicator developed at NBS. Cabinet 
at left contains power supplies and the alarm circuits. 
At center (and insert), the indicating unit and the exciter| 
unit, mounted in an explosion proof case for a special 
application. Transducer probe, in foreground, is the 
displacement sensing element for this instrument. At 
right, an exciter and indicator unit removed from case. 


face and the brass disk. This voltage is indicated onk 
meter calibrated in thousandths of an inch and shows. 
the shaft position relative to the main frame of the! 
turbine. The probe assembly includes a graduated) 
micrometer that provides for accurate adjustment of 
the spacing between the probe face and the disk. 

Coupled to the micrometer probe is a 5-tube exciter 
unit which contains a regulated carrier oscillator to fur-| 
nish current for the probe transducer, the detector cir-| 
cuit, and the meter for indicating the shaft position. | 
In a separate chassis are the power supplies and the| 
alarm circuits. 

Although the instrument’s function is to measure dis-| 
placement of a rotating shaft in a longitudinal direction, 
it can easily be adapted to measure motion in the radial 
direction. Moreover, it can be applied to indicate the 
relative positions of oscillating, reciprocating, or quasi- 
stationary members over a wide range of displacements 
since the mutual inductance micrometer will measure 
lengths as small as 50 microinches or as large as several 
inches with an accuracy of 3 percent. | 


For further technical details and for other applications 
of the NBS mutual inductance transducer, see Technical 
details of an electronic micrometer, by M. L. Greenough, 
Electronics 20, 11 (November 1947) ; Electronic microm- 
eter, NBS Technical News Bulletin 34, 137 (October 
1950) ; Oil film thickness indicator, NBS Technical News 
Bulletin 35, 120 (August 1951); Electronic sensing of 
mercury column height, VBS Technical News Bulletin 
36, 26 (February 1952); Vibration pickup calibrator, 
NBS Technical News Bulletin 37, 181 (December 1953). 
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| VERSATILE electronic thermostat is now in use 
at NBS as a general-purpose temperature con- 
troller for a variety of applications. Developed by 
_F. A. Ransom of the electronic instrumentation labora- 
tory, the instrument is designed for flexibility, high 
sensitivity, and provides precision temperature control 
over a wide range of temperature and power require- 
_ments.* 
| The device features such advantages as: (1) No ap- 


_preciable dead zone; (2) the sensitivity may be raised 
very high without objectionable loss of stability, reduc- 
_ing the deviation from the control point to a minimum 
with any load changes; (3) capability of handling 
Dower requirements ranging from milliwatts to kilo- 
watts for control; (4) the use of sensing elements 
which may be a resistance thermometer or a thermistor 
connected in a bridge circuit, or a thermocouple con- 
nected to a chopper circuit; and (5) the use of standard 
commercial components. The thermostat utilizes a 
principle originally described by M. Gouy; ? the power 
supplied to the heating element is switched on and off 
in a regular cycle, but the fraction of the cycle during 
which the power remains on is proportional to the 
deviation from the desired temperature. 

The temperature sensing element—usually a resist- 
ance thermometer or thermistor—is connected in one 
‘arm of an alternating-current bridge. The adjacent 
arm of the bridge is a variable resistor adjustable to 
_the desired temperature control point. A 164-cps oscil- 
lator energizes the bridge and also supplies synchro- 
nizing voltage to a twin-diode synchronous detector. 
When the actual temperature at the sensing element 
deviates from the control temperature, the resulting 
bridge error signal is amplified and applied to the 
center leg of the synchronous detector. The resulting 
current in the center leg is determined by the amplitude 
-and phase of the error voltage, being zero when the 
error voltage is zero. 

Also applied to the detector, in series with the error 
voltage, is a voltage from a sawtooth oscillator. The 
result is that the output of the detector consists of a 
sawtooth voltage that operates about a reference level 
which varies with the error voltage. This detector 
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output is applied to a Schmitt trigger circuit, which 
in turn actuates a relay that switches the power applied 
to the control heater. 

With this arrangement the sawtooth voltage applied 
to the detector can be adjusted so that, when the tem- 
perature deviation and thus the error voltage are zero, 
the control relay applies power to the heater 50 percent 
of the time. Any temperature deviation from the con- 
trol point then alters the proportion of the “duty cycle” 
during which power is applied to the heater; this pro- 
portion varies above or below 50 percent, depending 
on the magnitude and direction of the temperature 
deviation. Large temperature deviations, beyond the 
proportional control range for which the instrument is 
set, result in the heater power being either on or off 
continuously—depending on the direction of the devia- 
tion—until the temperature is again brought within 
the proportional range. The duty cycle, determined 
by the frequency of the sawtooth oscillator, is designed 
to be adjustable over a range of about 5 to 15 seconds 
to meet the needs of any particular controlled process. 

Since the controller is of the time-proportioning 
iype, its time of response to a temperature change is 
slightly longer than that of other types of controllers. 
Also, if the total power is switched in the control of 
processes having small thermal capacities and short 
thermal time lags, the temperature may cycle about 
the control point. In such cases the magnitude of the 
cycling can easily be minimized by supplying a portion 
of the required power continuously and switching only 
the power needed to compensate for any load changes 
in the controlled process. 

This thermostat has been used successfully to control 
a number of processes at NBS, and experience shows 
that its sensitivity, stability, and flexibility make it 
valuable for many laboratory applications requiring 
precision temperature regulation. In a typical NBS 
application the thermostat has for many months held 
standard electric cells, immersed in an oil bath, to a 
controlled temperature of 28° C within +0.001 deg C. 

Another use of the instrument has been in a small 
electrical furnace. The typical small heated-air oven 
is ordinarily difficult to control because of its low 
thermal inertia. Using the NBS thermostat, the tem- 
perature was maintained to within +0.1 deg C over 
a range from 250° to 450° C. 


*A  time-proportional electronic thermostat, F. A. 
Ransom, Control Engineering 1, 1 (McGraw-Hill Book 
Co., 330 W. 42d St., New York 36, N. Y., Jan. 1954). 

* Journal de physique (3d series) 6, 479-483 (1897) ; 
J. Am. Chem. Soc. 42, 60-68 (1920). 

For other work on this general type of time-propor- 
tioning thermostat, see U. S. Patent No. 2376488, Jones. 
May 1945. 
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HE NATIONAL BUREAU OF STANDARDS has 

been official custodian of the nation’s standard of 
radioactivity since 1926 when the United States Gov- 
ernment received its first calibrated radium sample. 
In 1932 another sample was received and these two 
have been used continuously to calibrate and compare 
all of the radium produced and sold in this country. 
Comparatively unknown in the early days, radium had 
been treated more as a laboratory oddity and was fully 
utilized only by a relatively few experimental physicists. 
However, the technological developments consequent 
upon the recent advances in nuclear physics brought 
about the production of radioactive nuclides and 
opened a whole new field of science and industry. 

To meet the new requirements of industry and re- 
search workers in physics, chemistry, biology, and 
medicine, the Bureau is engaged in an extensive pro- 
gram of research and development aimed at producing 
standards of the radioactive nuclides. The Bureau now 
maintains and distributes 55 samples of radioactive 
nuclides along with more than 700 other basic stand- 
ards for all fields of engineering and the physical 
sciences. Closely allied to radium calibration, the 
Bureau also measures, in terms of the primary radium 
standard, the radon content in samples of air from 
rooms in which radium is processed and in breath of 
personnel handling the material. Radon is the gas 
produced by radioactive disintegration of radium. In 
addition, the availability and comparative inexpensive- 
ness of radioactive cobalt (Co) has caused such an 
increase in the number of requests for cobalt standardi- 
zation that the Bureau has constructed a special labora- 
tory to perform this service. 

With respect to the availability of artificially pro- 
duced radioactive standards the Bureau carries out 
routine distributions of phosphorus—32 (P*), and 
iodine-131 (I'*') standards every six months. The 
NBS also supplies standards of carbon-14 (C"), 
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New NBS Gamma Ray Labo- } 
ratory. Ventilating system | 
forces air from areas housing | 
low activity materials to the 
higher activity areas. Larger | 
room at right houses pits and 

equipment for calibrating | 
cobalt sources in the 200,000 } 


millicurie range. 


sodium—22 (Na), cobalt-60 (Co), strontium-90/ 
yttrium—90 (Sr°/Y°°) (yttrium—90 is the daughter of, 
iadioactive strontium and is always present in any sam- 
ple), thallium—204 (TI?°*), and gold—198 (Au 1). 
lurther, the Bureau makes available Ra D+E beta 
standards, Ra D+ E+F (Po?'°), U;03 alpha standards, 
and solutions of varying strength of radium gamma-ray, 
and radon standards. 

Besides meeting the domestic requirements of iH 
United States, the NBS is engaged in a cooperative 
program with the National Physical Laboratory of the| 
United Kingdom, the Canadian National Research 
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Council, and Atomic Energy of Canada Limited. The 

ief aim of the program is to intercompare radioactive 

andards with a view to creating and improving inter- 
national standards of radium and artificially produced 
radioactive nuclides. Plans have been made whereby 
international comparisons are being made on the fol- 
lowing nulcides: carbon—14, sodium—24, phospho- 
rus—32, cobalt-60, bromide-82, strontium—90, yttrium— 
90, iodine-131, gold—198, and thallium—204. 

In order to serve science, industry, and commerce 
more effectively, the Bureau’s radioactivity facilities 
are divided into six laboratories. The gamma-ray 
laboratory is responsible for maintaining the National 
Primary Radium Standards and for comparing with 
these standards radium sources submitted to the Bureau 
for certification. The amount of radon present in 
breath and air samples is compared with the National 
Radium Standards by the radon testing laboratory. 
The chief responsibility of the alpha-ray measurements 
laboratory is the calibration of alpha-ray sources for 
use in military and civil defense radiation monitoring 
equipment. One of the better known services of the 
radioisotope standardization laboratory is the regular 
distribution of P® and [**! standards. However, of 
equal value is the preparation of Ra D+E standards 
for reference sources and the standardization of other 
radioactive nuclides. The nuclear spectroscopy labora- 
tory is primarily concerned with the investigation of 
the disintegration schemes of the artificially prepared 
radioactive isotopes. The preparation and maintenance 
of H*® and C™ standards are the responsibility of the 
radio-chemistry laboratory. 
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Sphere used in measuring 
disintegration rates by 47 
geometry counting methods. 
Radioactive sample is placed 
in sphere in a methane atmos- 
phere. Emitted electrons, 
beta rays, or positrons ionize 
the methane and an amplifica- 
tion or avalanche results. 
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gamma-ray laboratory 


The Bureau has been the established central organ- 
ization for the calibration and certification of radio- 
active preparations for almost 30 years. All sales of 
radium in this country are based on weight of radium; 
the determination of the milligram content being ulti- 
mately based upon the U.S. Primary Radium Standard. 
Comparison measurements between the sample and 
calibrated secondary standards are made with equip- 
ment consisting of a gold-leaf electroscope surrounded 
by 14 cm of aluminum and 1 cm of lead, respectively. 
Over the years, many modifications have been made 
in the manner in which radium is handled. Proven 
systems of radiation protection for personnel have been 
incorporated. In the near future the present calibra- 
tion system will be supplemented with an automatic 


recording null-method electrometer. The electrometer, 
itself, will be calibrated in terms of the original equip- 
ment but will permit much more rapid handling of the 
radium samples. 

In the last few years, cobalt-60 has been increasingly 
used for radiographic, therapeutic, and instrument cali- 
bration purposes. According to NBS records, requests 
for radium calibration reached a peak in 1944, at which 
time about 75,000 millicuries were measured. From 
that time the requests have diminished, but in 1950 the 
quantity of Co® measured suddenly climbed to about 
50,000 millicuries per year. Today, the requests for 
the calibration of radioactive cobalt are well in excess 
of 1,000 curies a year. 

The Bureau’s new Gamma-Ray Laboratory Building 
was built to accommodate this growing demand for co- 
balt calibration. It is now possible to measure sources 
with strengths up to 50 curies and to calibrate instru- 
ments with reference to source of strength equal to 200 
curies. The new facilities consist of a single building 
in which the air is constrained to flow continuously 
from the area housing low-activity material to the high- 
activity section. Thus, in the event that radium sources 
received in the unpacking room should leak, the danger 
of contaminating any other part of the building is 
reduced to a minimum. All construction of the build- 
ing is in accordance with NBS prescribed codes and 
designs governing the protection of personnel from 
radiation hazards. 

During the past 13 years the National Bureau of 
Standards has maintained storage and distribution fa- 
cilities, as well as a program of re-check measurements 
of radium preparations, for the National Cancer Insti- 
tute. By order of NCI, radium preparations are taken 
from storage and sent to various Government hospitals 
on loan. This and similar regular needs for calibra- 
tion of radioactive materials has fostered a program in 
the gamma-ray laboratory leading to development of 
new techniques for measurement of radium and cobalt. 

Ra D+E and Sr°/Y*® beta ray ophthalmic appli- 
cators are being more widely employed by the medical 
profession. The Atomic Energy Commission requires 
that beta ray applicators supplied by them be calibrated 
before use and specifically names NBS as the agency 
for these calibrations. Thus, the principal goal of 


this program is establishment of internal consistency 
and uniform methods of dose measurements. 


| 
radon testing laborato ry 


Radon testing? was first inaugurated in 1941 whe : 
the Navy Bureau of Medicine and Surgery requested 
NBS to establish a program designed to prevent injury | 


or death to personnel working with radium. With the 
use of complex electronic equipment and ionization 
chambers that are continuously monitored in terms of 
the U. S. Primary Radium Standard, the radon testing 
laboratory has developed methods for measuring to a 
high degree of precision radon of very low concentra- 
tion. As a result of the cooperative efforts of the 
Bureau and the officials and hygienists responsible for 
the protection of the workers from unsealed radium, 
risks of death and injury from radium poisoning are 
now considerably fewer in number. 

The system for periodic sampling breath and work- 
room air starts at NBS where two-liter Pyrex flasks are 
evacuated, packed in foam rubber in an aluminum 
container, and shipped to uranium mines and radium 
installations throughout the country. A sample of the 
worker’s breath which is to be analyzed is obtained by 
the worker inflating a balloon provided with the 
Pyrex flask. The balloon is then connected to the 
flask and the stopcock opened, allowing the breath 
sample to enter the flask. In the Radon Laboratory 
the samples are transferred to evacuated alpha-ray ion- 
ization chambers through a purification system and 
analyzed for their radon content. Facilities are avail- 
able for the simultaneous measurement of 24 samples. 
The results provide a measure of the amount of radium 
ingested by the workers or the degree of radium con- 
tamination of the working areas. ( 

The NBS radon testing laboratory has expanded 
its program to include the assay by the radon method 
of ores and sludges submitted by the Atomic Energy 
Commission. The laboratory also provides standard 
samples of radioactive ores and rocks, the radium con- 
tent of which has been determined by radon analysis. 
Thorium and uranium ore samples are also prepared 
by this laboratory. It also distributes standard solu- 
tions of radium. | 


radionuclide standardization | 


Under the direct control of the Atomic Energy Com- 
mission, radionuclide production has reached the stage 
where more than 100 different nuclides are available. 
Approximately 80 percent of the total volume shipped 
by the AEC are solutions of radioactive iodine-131 
(18) and radioactive phosphorus-32 (P*?). These 
are used principally for diagnosis and therapy in brain | 
surgery, leukemia, hyperthyroid, and cancer. In or- 


* Radon measurement and control NBS Tech. News Bull. 34, 
11, 160 (Nov. 1950). 


Radium samples are compared by measuring the rate at 
which the radiation from each sample discharges a gold 
leaf electroscope (at far end of long box, right center). 
The National Radium Standard and the sample are placed 
in succession in a special holder near the electroscope 
(insert). The operator times the motion of the gold 
leaf as its shadow moves across a ground glass screen 
(left). The certification is based on a comparison of 
the time required to discharge the electroscope. 
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der that dosage of patients shall be uniform and so 

at research results may be duplicated at other labora- 
ories, the Bureau maintains a regular distribution 
schedule for P** and [*** (P*? in March and September 
and [’*! in June and January). Standards are distrib- 
uted in ampoules containing about 3 ml of solution 
certified as to disintegrations per second per milliliter 
with a stated accuracy of +3 percent. 

The standardization of radionuclides, especially those 
of short life, is complicated because of several factors. 
For one, because the half-life of I'*! is 8 days and that 
of P* is 14 days, their activity decays in a relatively 
short time and they become too weak for most normal 
uses. Therefore, it is necessary to calibrate monitor- 
ing equipment in terms of one of these two NBS radio- 
nuclide standards and a longer-lived reference source, 
such as Ra D+E, immediately upon its receipt. All 
calibrations thereafter are effectively in terms of this 
standard ratio. Another factor is that the calibration 
method used by laboratories and hospitals outside of 
NBS must be one that can be set up and operated in a 
routine manner with a minimum of trained personnel 
and complex electronic equipment. 

The method most amenable to routine standardiza- 
tion of radionuclides employs either a Geiger counter 
or an electroscope. Sources of the same nuclide are 
compared directly under identical geometric conditions. 
However, to be a valid calibration, one of the sources 


Number of curies of radium measured by NBS reached 
a peak about 1944. and has since been steadily declining. 


\, However, in 1950, the number of curies of cobalt ex- 


ceeded those of radium, and as of today, have surpassed 
the million-millicurie mark. 


must possess a known disintegration rate. For the 
standardization of [?*1 and P**, one method that has 
been developed utilizes Ra D+E as the comparison 
source. Since the activity of Ra D+E is governed by 
a 22-year decay period and its beta ray energy falls 
between those of iodine-131 and phosphorus-32, the 
secondary standardization of these nuclides can be 
accomplished by methods already familiar in the field 
of natural radioactivity. Although Ra D+E has some 
disadvantages, through its use many facilities are now 
able to set up equipment and train personnel to obtain 
reproductible results in their calibrations. 

In order to measure the disintegration rate of a quan- 
tity of a radionuclide such as I** or P*®, an effect is 
measured that is equal to the rate of emission by the 
source of radioactive particles. Because these particles 
are emitted in all directions, the source is placed within 
a gas-filled sphere; this detector is said to have 4a 
geometry. As the particles are emitted, the ionization 
they produce is detected as pulses of current and serves 
as a measure of the activity. 

In actual practice, an almost invisible source is 
mounted on a thin plastic or conducting foil. Particles 
emitted in any direction are detected. Absorption by 
the source itself and by the foil mounting can be deter- 
mined experimentally. The exact number of particles 


* emitted by the source, as indicated by the ionization 
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pulses, is the disintegration rate of the source and from 
this the activity per milliliter of solution can be deter- 
mined. The radiosotope standardization laboratory 
has also set up equipment for the primary standardiza- 
tion of radionuclides by beta-gamma and gamma- 
gamma coincidence counting techniques and by 4a 
scintillation counting methods. 

Having carried out primary standardization, it is 
necessary in the case of short-lived nuclides to preserve 
the result obtained. This is achieved, in the case of 
beta emitters, by a 27 beta ionization chamber and, in 
the case of gamma emitters, by an almost-4z gamma 
ionization chamber. 


nuclear spectroscopy laboratory 
The disintegration schemes of artificially prepared 


radioactive nuclides investigated by the Bureau’s nu- 
clear spectroscopy laboratory provide information on 
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the properties of the nuclear energy states of the nuclide 
studied. Part of the data is employed in the prepara- 
tion of the Bureau’s radioactive standards. In the 
course of its investigations the beta-ray spectrometry 
laboratory has studied the decay schemes of Ag*”, 
Ag, Cd™ (with both a 43-day and 24-day half-life) , 
Mo, Pd'1, In™7, Ba!8%, and Sb2°. 

The NBS facilities include means for precise count- 
ing of both beta-gamma and gamma-gamma coinci- 
dences. Coincidence circuitry has been developed in 
which resolving time can be accurately controlled and 
varies in known steps. This, together with fast linear 
amplification and pulse-height discrimination of the 
pulses from scintillation crystal detectors, enables sep- 
aration of true from random and spurious coincidences. 
Thus, it is possible to standardize large Co® sources, 
for instance, to an accuracy of | percent or better. 


13 


Recently, the nuclear spectroscopy laboratory partici- 
pated in an intercomparison with the United Kingdom 
and Canada of Co® and Au™*. The results obtained by 
the Bureau’s method of beta-gamma and gamma-gamma 
coincidences for Co® agreed to within 1 percent with 
those obtained by the other laboratories. 


alpha-ray measurements laboratory 


The alpha-ray measurements program was instituted 
for the purpose of dealing with the various problems 
associated with the standardization, calibration, and 
analysis of sources of alpha radiation. The program 
further includes the development of techniques for the 
efficient detection and monitoring of these radiations. 
Of immediate application is the provision of calibrated 
alpha sources of a special type for portable monitoring 
and survey equipment used by the armed services in 
the field. 

Alpha-ray standards of uranium oxide (U;0,), which 
emit beta radiation as well as alpha particles, are sup- 
plied by the Bureau in the form of thin electro-de- 
posited sources on a metal backing. The alpha disin- 
tegration rate is measured in a 27 geometry propor- 
tional flow counter and means are provided to distin- 
guish between the alpha particles that are counted and 
the undesirable beta particles that are discriminated 
against. The Bureau’s certification then gives the total 
counting rate of alpha particles emitted into a 2z solid 
angle in the forward direction. This rate is very nearly, 
but not quite equal to one half the absolute alpha dis- 
integration rate of the sample. Consideration is also 
given to the back-scattering effects, which are, fortu- 
nately, offset by the small amount of self-absorption 
in the source. That number of alpha particles emitted 
per second is specified by NBS to an acucracy of +2 
percent. 

Another activity of alpha-ray measurements labora- 
tory is the calibration of Ra D+ E+F for use as alpha 
standards. This type of source, if properly prepared, 
is a very desirable standard for several reasons. It is 
possible to intercompare the alpha activity of Ra F 
(Po™°) with the beta activity of Ra E. Also, the alpha 
radiation from Ra F consists of a single line in contrast 
with the double line from uranium oxide. The ratio 
reaches a constant value after about 2.5 years. The 
proper preparation of the Ra D+E-+F standard in- 
volves the chemical separation of the plating solution 
so as to have pure Ra D. It has been found that Ra F 
present in ordinary stock solution comes out of solu- 
tion to an unknown extent and hence vitiates the tem- 
poral predictions of alpha activity (the latter com- 
ponent decays with a 138-day half-life). Therefore, 
for accurate alpha standards, measurements must be 
made in the 27 geometry. 


radio-chemistry laboratory 


In the preparation of tritium (H*) and carbon-14 
(C*) standards, radio-chemistry laboratory employs 
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the method of compensated gas counting. This tech- 


nique uses, in the case of carbon—14, carbon dioxide/ | 


carbon-disulphide counting gas mixture in a pair 0 
length-compensated Geiger-Miiller counters. By using 
paired counters end effects are eliminated and the 
counting rate is effectively that obtained from a perfect 
cylinder of gas of length equal to the difference in 
length between the two counters. 

Standards of C™ are distributed in ampoules contain- 
ing 25.0ml of sodium carbonate solution and have a 
certified value of 1,280 disintegrations per second per 
milliliter. At the present time work is starting on the 
preparation of the H® standards. 

When C* standards were initially prepared, an inter- 
comparison was carried out between the National Re- 
search Council of Canada (Chalk River Atomic Energy 
Project), the Massachusetts Institute of Technology, 
and the National Bureau of Standards. The results 
obtained were respectively: 1,330, 1,410, and 1,280 
disintegrations per second per milliliter. Pending a 
further check the calibration value is arbitrarily defined 
as the last value (1,280 dps/ml) and the standards are 
distributed as a basis of intercomparison only between 
the various research laboratories. 

The radio-chemistry laboratory has also developed a 
technique of 27 formamide counting as a means of 
secondary standardization. The detecting instrument 
is a water-cooled 27 counter of the usual hemispherical 
type. The electronic amplifier is modified to count the 
total activity arising from thin layers of formamide 
solution. The output is fed directly into a commercial 
scaler. Formamide, an organic solvent of extremely 
low vapor pressure, is used as the vehicle in which solu- 
tions containing the radioactive nuclides are dissolved. 
These solutions include: (the associated nuclide is in 
parenthesis) sodium carbonate (C™) , sodium phosphate 
(P*?), cobalt sulphate (Co), strontium nitrate 
(Sr/Y°°), potassium iodide (1'**), potassium auricya- 
nide (Au*), and thallous nitrate (T1°°t). The dis- 
solved solutions are placed in a shallow vessel, which is 
then inserted into a 27 proportional counter. 

The thickness of the solvent is adjusted for beta-ray 
emitting isotopes so as to obtain slightly more than a 
saturation layer of activity. Any thickness greater 
than the saturation layer will, for beta emitters, not 


Radioactive standards available from NBS. 
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increase the counting rate determined by the 27 counter. 
fixed thickness and therefore volume is used for 
uclides emitting both gamma radiation and beta rays. 
NBS standard solutions of any one of the nuclides 
concerned are used to calibrate the equipment. The 
detecting instrument need be calibrated by only one 
standard radioactive nuclide because the efficiencies 
for the other nuclides using the same cell dimensions 
are always a constant ratio. This technique appears 
extremely useful for routine measurements and much 
more desirable than the defined-geometry counting 
methods usually employed in hospital laboratories. 
he counting efficiencies of C'*, Co®, Sr®/Y%, 13%, 
Au’, and Tl?** have been determined by comparison 
with the Bureau’s standards calibrated by 47 and coin- 
cidence counting techniques. The formamide method 
appears to provide an accurate yet very quick and 
satisfactory method of secondary standardization. Ex- 
periments employing a 27 beta electroscope arrange- 
ment have also proved sufficiently precise for calibra- 
tion purposes. 

It is anticipated that the future of the Bureau’s 
Radioactivity Standardization program will be pri- 
marily concerned with the production of new domestic 
standards as the need arises. The expanded use of new 
nuclides in research, medicine, and industrial produc- 
tion is indicative of how the demand for standardized 
samples and techniques will also grow. A movement 
is now in operation toward the standardization of 
nuclides on an international basis and recently a Radio- 
isotopes Subcommittee of the International Commission 
of Radiological Units has been established, on which 
NBS is represented. Such a program involves not only 
a direct intercomparison of the standards themselves 
but especially in the case of short-lived nuclides, the 
establishment of comparable methods for the preserva- 
tion of these standards in each of the countries involved. 
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NBS radioactive standards 
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Manufacturing 
tion of An Automatic Electronic 


a These standards consist of an electrolytic deposit of lead containing Ra D 
in the form of PbO, on the palladium surface of a palladium-clad silver dise 
146 inch thick. 

b Solutions are sold in flame-sealed glass ampoules. 

e¢ Thorium ores standards, prepared by mixing monazite and dunite, and 
uranium ore standards, prepared as mixtures of pitchblends and dunite, are 
available in 100-g samples and in the following percentages of thorium or 
uranium: 1.0, 0.1, 0.05, 0.02, 0.01, and 0.001. 

d Dunite samples are used as bulk carriers of the radium bearing ores. 

e P32 samples are distributed in March and September. 

f [131 samples are distributed in June and January. 

For further information write to: Radioactivity Section, 


National Bureau of Standards, Washington, 25, D. C. 


REFERENCES: Refinements in radioactive standardization 
by 4a beta counting, W. B. Mann and H. H. Seliger, J. Re- 
search NBS 50, 197 (1953). The half-life of I, H. H. 
Seliger, L. Cavallo, and S. V. Culpepper, Phys. Rev., 90, 
443 (1953). Improvement in response of 47 gamma ion- 
ization chambers, C. C. Smith and H. H. Seliger, Rev. Sci. 
Instr., 24, 474 (1953). Beta-ray spectrometers, R. W. Hay- 
ward, Adv. In Electronics (in press). Use of the Cal- 
lendar’s “radio-balance” for the measurement of the energy 
emission from radioactive sources, 7. B. Mann, J. Research 
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Cost Determina- 


Factory 


ya ecg ctie ar of the costs of manually and 
mechanically producing an item of electronic 
equipment redesigned according to the Modular Design 
of Electronics (MDE) has recently been completed for 
the NBS.t_ Analysis was made by Mead Carney and 
Company, Inc., Management Consultants, at the request 
of the Navy Bureau of Aeronautics, sponsors of 
PROJECT TINKERTOY.? The report has concluded, 
in part, that electronic equipment designed according 
to the Modular Design of Electronics can be more 
cheaply manufactured than conventionally designed 
equipment produced by existing techniques. Based on 


See footnotes, p. 79. 
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survey projections for the particular piece of equip- 
ment studied, the manufacturing cost reductions amount 
to 44 percent for Mechanized Production of Electronics 
(MPE), and 38.5 percent for MDE-hand fabrication. 

The Modular Design of Electronics is based on a 
standard building block, 7% inch square, notched ce- 
ramic wafer. Electronic components such as resistors, 
capacitors, repetitive circuit elements, and tube sockets 
are made integral with the ceramic building block. 
These are assembled in skyscraper fashion to form a 
standard module that carries the elements for one or 
more electronic stages. Devising circuit layouts by 
MDE involves planning in three dimensions rather than 
the conventional two-dimensional approach heretofore 
employed. The concept of mounting the electronic 
components such as adhesive tape resistor, titanate 
capacitors, and other minaturized parts on a standard, 
uniform block or wafer and assembling four, six, or 
more wafers into a module is readily adaptable to auto- 
matic machine methods. 

The system of Mechanized Production of Electronics 
largely utilizes noncritical raw materials. Ceramic 
wafers, titanate capacitors, and adhesive tape resistors 
are produced directly in quantity from raw ingredients. 
These and other basic electronic parts are fed into a 
mechanized assembly line composed of 20 separate 
machines. Here, machines provided with sets of steel 
stencil screens upon which the circuit configurations 
have been etched, print electrodes, lead connections, 
and other circuitry on both surfaces of the wafers and 
capacitors. Other machines automatically place as 
many as four tape resistors on a wafer and assemble 
tube sockets. Finally, a machine collects all of the 
component-mounted wafers and automatically assem- 
bles them into a complete module. Throughout the 
assembly line, automatic, 100 percent inspections are 
performed on all MPE component parts. 

In conducting the manufacturing cost determination, 
Mead Carney and Company established the following 
objectives: (1) Determine the cost of manufacturing a 
specific item of electronic equipment by MDE (model 
shop techniques) and MPE (mechanization), as 
adapted and projected to conventional production 
practices. (2) Compare these costs with the cost of 
manufacturing a similar item by conventional methods 
and practices. The scope of the survey was not to 
include a technical evaluation of the processes. 

The manufacturing techniques observed during the 
survey were of a pilot plant and/or model shop nature. 
Little production experience and data were available 
to draw on; particularly of the machine processing 
operations. Consequently, the cost figures for machine 
processing were necessarily based largely on estimates 
for net machine yields, and are subject to revision as 
operating experience is gained. The cost figures for 
MDE hand processing are based largely on time studies 
of operations. They are, therefore, less subject to 
revision with the accumulation of production experi- 
ence, except as necessitated by methods improvements. 

Initially, the MDE-hand and MPE processes were 
analyzed to determine flow and to delineate the indi- 
vidual steps so that each stage in the hand processes 
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would be compared with the machine processes. 
Although these stages are substantially the same, certai 

steps are used in one and are not used in the othe 

In selecting an item of electronic equipment for use as — 
a vehicle for the cost comparison, the following criteria 
were considered: (1) The item must have been pro- 
duced by both conventional methods and by MDE 
and/or MPE. (2) It should consist largely of MDE — 
components so as not to mask the economic effects of — 
the application of MDE and MPE to manufacture. 
(3) Manufacturing costs must be obtainable for the 
conventionally produced version of the item. The item 
selected on these bases was an intermediate frequency 
(i-f) amplifier similar to interchangeable subassem- 
blies incorporated into a variety of complete electronic — 
assemblies. 
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Intermediate frequency amplifier employed in a manu- | 
facturing cost determination conducted by Mead Carney 
and Co. 


The major cost element normally composing a sales 
price include profit, sales and administrative expense, 
and manufacturing costs. However, it was decided 
that an adequate comparison could be made by using | 
only the manufacturing costs in this determination. 
These were further divided into costs of materials, 
direct labor, and manufacturing overhead. The last 
named element—manufacturing overhead— included | 
charges for indirect labor, machine, equipment, and 
tool expenses, occupancy expense, and miscellaneous 
expenses. 

In determining material costs, all parts and ma- 
terials used in the MDE/MPE i-f amplifier were con- 
sidered to be purchased items. These included cables, 
cover assembly, coils, silver paint, shields, tubes, wafers, 
tube sockets, resistor tape, and wire. The direct labor 
costs were based on a two-shift, 8-hour shift, five-day 
week. The equipment requirements were based on use 
of new machinery, realistic machine delay time, and 
satisfactory production line balance. After establish- 
ing the equipment requirements, estimates were pre- 
pared for the number and skills of the operators needed, 
based on general industrial practice with similar 
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equipments. The same type of analysis was performed 
> the equipment and labor involved in the production 
the piece of equipment by model-shop techniques. 
In these respects, an output of 405 five-wafer modules 
by machines (MPE) was compared to a 400 module- 
per-hour output by MDE hand processing. 
Manufacturing costs for the conventional i-f ampli- 
fier were obtained from a Navy contractor who had 
produced a considerable quantity of the item. These 
costs, together with similar costs for MDE hand proc- 
essing and MPE, are tabulated below. 


Manutfac- 
Method Materials es turing Totals 
overhead 
Moneven tional... 222-2522 <2--~ $35. 85 $5. 60 $5.44 $46. 89 
are enaynG/ anes ve oe. Se Se oe 20. 56 5. 99 2.27 28. 82 
BRN gE ee ree er AS Sn ee re 20. 56 2.83 2.86 26. 25 


The significant conclusions reached by the manage- 
ment consultants are as follows: Substantial reductions 
in electronic manufacturing costs appear to be possible 
through the use of either the Mechanized Production 
of Electronics or the hand processing of the Modular 
Design of Electronics, as compared with conventional 
manufacturing methods. Based on the survey projec- 
tions, the manufacturing cost reductions amount to 44 
percent for MPE process, and 38.5 percent for the 
MDE-hand process. 
Manufacturing costs for MPE operations are lower 
than the hand processes in 13 of the 20 process steps, or 
| groups of steps, delineated for this survey. A manu- 
facturing cost lowered by 8.9 percent is indicated for 

a complete i-f amplifier manufactured by MPE as com- 
_ pared to MDE-hand methods. 

The substitution of lower-cost hand process steps, 
where appropriate, would result in a lower total manu- 


facturing cost for the i-f amplifier than the present 
projected machine process total cost. 

An investment of about $665,000 is required to 
create a facility to produce 405 modules per hour by 
machines, whereas $82,000 is needed to establish a 
hand process facility to produce 400 modules per hour. 
However, the difference in machine investment would 
be repaid from manufacturing cost savings within less 
than one year and five months of operations at full 
capacity. 

The Mechanized Production of Electronics uses fewer 
labor hours per unit produced than does the MDE hand 
process, but requires a larger proportion of higher 
skilled personnel. 

Little, if any, manufacturing cost reduction would 
result solely from an increase in size of the projected 
MPE or MDE-hand process facilities. (Some reduc- 
tion in material costs might be expected from larger 
purchase order quantities. 

Significant reductions may be achieved in the costs of 
the present MDE hand process through methods im- 
provements in several of the process steps. Significant 
reductions in the present MPE process costs would re- 
sult from increases in equipment cyclic rates and reduc- 
tions in machine delay time, percentages of rejects, 
equipment costs, numbers and skills of operators, and 
equipment maintenance costs. 


1 This report, complete with tables and curves, is avail- 
able as Volume V of a series of reports on MPE and MDE. 
Volume V, Project Tinkertoy manufacturing cost deter- 
mination PB 111315, may be purchased from the 
Office of Technical Services, Department of Commerce, 
Washington 25, D.C. Price: $4.00. 


2 The Navy Department has recently announced that 
the name PROJECT TINKERTOY will no longer be 
employed to describe this program. Rather, Modular 
Design of Electronics (MDE) and Mechanized Produc- 
tion of Electronics (MPE) will be used. 
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